Pituitary adenomas are mostly benign tumors, although certain cases have invasiveness, which might be related with high expression of miR-106b. The PTEN-PI3K/AKT signal pathway is known to be related with cell migration and invasion. Among these, PTEN is the target gene for miR-106b. Whether miR-106b affects invasiveness of pituitary adenoma via PTEN-PI3K/AKT is unclear.
Background
Pituitary adenoma is a kind of endocrine tumor [1] and is a common intracranial tumor, as it accounts for about 10% of all primary intracranial tumors, making it the third-most common after glioma and meningioma [2] . Pituitary adenoma often occurs in young people, and presents as a series of endocrine symptoms, including acral growth and decreased sexual function. Although it is a benign tumor, pituitary adenoma can have infiltrative growth, which is one of the biological behaviors of malignant tumors [3] . It often invades adjacent tissues, including vascular wall, cavernous sinus, or even brain tissues, causing various complications. This aggressive invasion of pituitary adenoma is closely correlated with tumor recurrence and prognosis [4] . In pituitary tumors with invasive growth, the tumor size is normally large, or accompanied with focal infiltration into peripheral tissues, thus severely affecting neural functions. Such invasive growth also causes difficulty in complete surgical resection of tumors, as well as post-operative recurrence and worse prognosis. Some studies show that the occurrence of pituitary adenoma might be related with oncogene expression or inactivation of tumor suppressor genes, although the detailed mechanism is still unclear [5] [6] [7] . MicroRNA (miR) is a biological marker for human malignant tumors, and exerts critical roles in biological processes in cancer. The abnormal expression of miR functions as a tumor suppressor gene or an oncogene in malignant tumors. It is a member of the miR-106b~25 family, which consists of miR-106b, miR-93, and miR-25. MiR-106b is a known oncogenic miR [8] . Its abnormally high expression can be observed in various tumor tissues, and has multiple functions regulating tumor cell proliferation, migration, and invasion [9] [10] [11] [12] . Previous studies have shown that high expression of miR-106b can facilitate growth of gastric carcinoma cells via accelerating the cell cycle [13] , and can enhance metastasis of breast cancer via inducing the TGF-b signal pathway [14] . miR-106b can also affect invasion or metastasis of endometrial carcinoma [15] , cervical cancer [16] , hepatocellular carcinoma [17] , renal carcinoma [18] , and pulmonary carcinoma [19] via various mechanisms. A recent study also revealed that up-regulation of miR-106b can facilitate the epithelial-mesenchymal transition (EMT) of tumor cells, thus facilitating tumor invasion and metastasis [17] . A recent study showed the existence of miR-106 abnormal expression in pituitary adenoma, thus indicating its potential role in tumor pathogenesis [20] . However, the detailed mechanism of miR-106b in pituitary adenoma occurrence is still unknown, as is the relationship with tumor invasiveness. PI3K/AKT is a multiple signal pathway correlated with the occurrence of pituitary adenoma. As an important tumor suppressor gene, PTEN can negatively regulate the PI3K-AKT signal pathway to inhibit tumor occurrence and progression. PTEN is a lipid phosphatase, and can convert membrane PIP3 into PIP2 via de-phosphorylation, and can antagonize the phosphorylation of PI3K on PIP2, thus affecting PI3K-induced cell proliferation and survival signals.
Moreover, the PTEN-PI3K/AKT signal pathway exerts critical functions in mediating tumor cell invasion/migration properties [21] . As a target gene for miR-106b, the expression of PTEN is negatively regulated by miR-106b, thus affecting multiple biological functions of tumor cells [22, 23] . The correlation between the miR-106/PTEN-PI3K/AKT signal pathway and invasiveness of pituitary adenoma still requires further investigation.
Material and Methods

Reagents and materials
Human pituitary adenoma cell line HP75 was provided by ATCC (USA). Cell culture medium was purchased from Gibco (USA). RNA extraction reagent Trizol was purchased from Invitrogen (USA). Reverse transcription and fluorescent quantitative PCR kits were purchased from Takara (China). Oligonucleotides and PCR primers for transfection were designed and synthesized by Gimma (China). Rabbit anti-PTEN and mouse anti-MMP-9 antibody were purchased from Abcam (USA). Rabbit anti-p-AKT was purchased from Bioworld (USA).
Clinical information
A total of 50 pituitary adenoma patients in the Department of Neurosurgery in Shandong Provincial Hospital affiliated to Shandong University from June 2014 to August 2015 were recruited in this study. All patients had received definite diagnosis by imaging, surgery, and pathological examination. No treatment has given to any patient before the surgery. There were 23 males and 27 females in the patient cohort, ages 25-68 years (average age=37.2 years). There were 8, 7, 15, and 20 cases of ACTH adenoma, prolactin adenoma, GH adenoma, and nonfunctional adenoma, respectively. A total of 18 patients were classified into the non-invasive pituitary tumor group while the other 32 were classified into the invasive adenoma group. The criteria for tumor invasiveness were: (1) Grade III~V or phase C, D, or E tumors according to Hardy-Wilson guideline; (2) Destruction of cavernous sinus or parasellar tissues by pre-op CT/MRI imaging; (3) Infiltration into sellar diaphragm, or sellar bottom bone regions by tumor cells as shown by biopsy during the surgery; and (4) Perforation of inner wall of cavernous sinus under endoscopy. Non-invasive pituitary adenoma was defined as the limitation of tumor body within the sellar region, without any compression on peripheral structures. Exclusive criteria were: Post-operative pathological examination revealed other types of tumors, including cranial-pharyngeal carcinoma, meningioma of sellar nodules, and Lyske cyst, despite pre-operative diagnosis of pituitary adenoma. Another cohort of 10 normal brain tissues collected from head trauma surgery were recruited as the control group, in which there were 4 males and 6 females, ages 26-61 years (average age=36.5 years). We obtained consent from all patients for sample collection, along with approval by the Ethics Committee of Shandong Provincial Hospital affiliated to Shandong University.
Cell culture and transfection
Human pituitary adenoma cell line HP75 was inoculated in DMEM containing 12.5% horse serum and 2.5% fetal bovine serum. We transfected 2×10
5 HP75 cells into 6-well plates. Until reaching 60%~80% confluence, lipofectamine 2000 was used in transfection in negative control, missense oligonucleotide (5'-CAGUA CUUUU GUGUA GUACA A-3'), and miR-106b inhibitor groups (5'-AUCUG CACUG UCAGC ACUUU A-3'). In brief, lipofectamine 2000 and oligonucleotides were cultured along with cells in serum-free Opti-MEMI medium after culturing at 37°C with 5% CO 2 for 4~6 hours. Fresh normal culture medium was used for 48-h continuous incubation.
qRT-PCR for gene expression
Total RNA was extracted by Trizol reagent. Purity and quality of RNA were assayed by UV spectrometry and agarose gel electrophoresis. MiR-106a specific stem-loop primer and random primer were used to synthesize cDNA by reverse transcription in a 20-μL system containing 2 μg total RNA, 0.75 μL dNTP (10 mmol/L), 4 μL RT buffer (5×), 1.2 μL RT primers (1 μmol/L), 2 μL reverse transcriptase, and 0.5 μL RNase inhibitor. Reverse transcription was performed in 16°C for 30 min, followed by 42°C for 15 min and 85°C for 5 min. Using cDNA as the template, PCR amplification was pursued under the direction of TaqDNA polymerase. Primer sequences were: miR-106b RT: 5'-GTCGT ATCCA GTGCA GGGTC CGAGG TATTC GCACT GGATA CGACA TCTGC-3'; miR-106bPF: 5'-TAAAG TGCTG ACAGT GCAGA T-3'; miR-106bPR: 5'-GGTCT AGATG TGAAC TCTGG TGTTG GTGC-3'; U6PF: 5'-CTCGC TTCGG CAGCA CA-3'; U6PR: 5'-AACGC TTCAC GAATT TGCGT-3'; PTENPF: 5'-CTGGT CTGCC AGCTA AAGGT-3'; PTENPR: 5'-TCACC ACACA CAGGT AACGG-3'; MMP9PF: 5'-TGTAC CGCTA TGGTT ACACT CG-3'; MMP9PR: 5'-GGCAG GGACA GTTGC TTCT-3'; bactinPF: 5'-GCACT CTTCC AGCCT TCC-3'; b-actinPR: 5'-AGAAA GGGTG TAACG CAACT AAG-3'. In a total 10 μL reaction system, there were 4.5 μL 2×SYBR Green Mixture, 0.5 μL of forward/reverse primer (5 μm/L), 1 μL cDNA, and 3.5 μL ddH 2 O. The reaction conditions were: 95°C denatured for 5 min, followed by 40 cycles each containing 95°C for 15 s and 60°C for 1 min on an ABI ViiA7 fluorescent quantitative PCR cycler. Data were quantitatively analyzed by Ct method (2-DDCt). MicroRNA and mRNA levels were normalized using U6 and b-actin as internal reference genes, respectively. Each experiment was performed in triplicate.
Western blotting
Total proteins were extracted and quantified using bicinchoninic acid (BCA) assay. Proteins were separated in SDS-PAGE, and were transferred to polyvinylidene fluoride (PVDF) membrane, which was blocked in 5% defatted milk powder at room temperature. Primary antibody was applied at 4°C for overnight incubation, and was rinsed in phosphate-buffered saline with Tween 20 (PBST) (5 min each, 3 times). Secondary antibody was added for room temperature incubation for 60 min. After rinsing in PBST (5 min ×3 times), enhanced chemiluminescence (ECL) reagent was added for development and exposure and scanned for data analysis.
Flow cytometry for cell cycle assay
Cells were digested in trypsin, and were rinsed in phosphatebuffered saline (PBS) twice. After fixation in 4°C 75% ethanol overnight, cells were washed twice in PBS and 50 μg/mL RNase A was added for 30-min incubation at 37°C to quench endogenous RNase. Staining dye containing 0.1% Triton X-100 and 50 μg/mL PI was added for dark incubation at 4°C for 30 min. Samples were immediately loaded for flow cytometry assay.
CFDASE staining for cell proliferation 1 mL CDFASE marking solution was used to re-suspend 1~5×10 6 cells. Adding 1 mL CDFASE storage buffer (2×), cells were cultured at 37°C for 10 min, followed by centrifugation washing in 10 mL serum-containing culture medium. Cells were then incubated in 10 mL erum-containing culture medium at 37°C for 5 min. Culture medium was removed by centrifugation. Flow cytometry was then employed to detect at 488nm excitation wavelength.
Agarose clonal formation assay for cell malignant growth 1.2% low-melting point agarose was mixed with equal volume of 2× cell culture medium to prepare 0.6% low-melting point agarose, which was added into 6-well plate. After incubating at 4°C, the bottom layer of agarose gel was prepared. Cells at log-phase were digested in single-cell suspensions. 0.8% lowmelting point agarose and equal volume of 2× cell culture medium were mixed to prepare 0.4% low-melting point agarose, which was mixed with cell suspension at 5000 cells per mL. 1 mL 0.4% low-melting agarose with cells were added into the bottom layer agarose. After 4°C settle down, the upper layer agarose was prepared, which was incubated in a 37°C chamber with 5% CO 2 . Fresh 0.4% low-melting point agarose was replenished every 7 days for 21 continuous days. The number of colonies containing more than 50 cells was counted. Colony formation rate=(clone number/initial inoculating cells) ×100%.
Scratch assay for cell migration
Cells at log-phase were seeded into 6-well plate at 2×10 5 per well. When reaching 80% confluence, 10 μL sterile pipette tip was used to draw 3 parallel starch lines with equal distance in each well. After PBS washing twice, cells were observed under an inverted microscope after 48 h incubation.
Transwell assay for cell invasion
Matrigel stock solution was diluted in 3 volumes of serum-free culture medium. A Transwell chamber was used for 100 μL Matrigel dilutions on 8 μm filter membranes. The chamber was incubated for 30 min for polymerization of gel. Serumfree culture medium was used to re-suspend cells at 1×10 6 per mL. We added 200 μL cell suspensions into the upper chamber, while 500 μL serum-containing conditional cell culture medium was added into the lower chamber for 24-h incubation. Liquids in the upper chamber were discarded, followed by washing twice with sterile PBS. After fixation in methanol for 30 min, cells were washed twice in PBS, stained by crystal violet, and observed under an inverted microscope. Five randomly selected fields were counted to determine the number of perforated cells.
Statistical analysis
SPSS18.0 software was used for data analysis. Measurement data are presented as mean ± standard deviation (SD), while enumeration data are presented as percentage. The comparison of enumeration data between groups was carried out by chi-square test. Measurement data were compared by oneway analysis of variance (ANOVA). A statistical significance was defined when p<0.05.
Results
Tissue expression of miR-106b and PTEN in pituitary adenoma tissues
Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) results showed that, compared to normal pituitary tissues, miR-106b expression level in pituitary tumor patients was significantly elevated compared to that in normal tissues ( Figure 1A) , while PTEN mRNA/protein levels were remarkably depressed ( Figure 1B, 1C) . In pituitary adenoma patients, miR106b levels were higher in invasive tumors compared to that in non-invasive ones, while PTEN mRNA/protein levels showed the opposite pattern. Correlation analysis revealed that miR106b expression level was significantly negatively related with PTEN mRNA levels (r=-0.791, p=0.021), indicating the targeted regulation between miR-106b and PTEN, probably via targeted degradation of PTEN mRNA by miR-106b. 
Transfection of miR-10b inhibitor significantly inhibited intracellular expression of miR-106b
The transfection of miR-106b inhibitor significantly depressed miR-106b expression in HP75, cells by 88.6% on average (p<0.001 compared to negative control (NC) group, Figure 2 ), suggesting high transfection efficiency under such conditions.
Inhibition of miR-106b remarkably inhibited cell cycle and proliferation of HP75 cells
After transfecting anti-sense miR-106, the cycle progression of HP75 cells was significantly inhibited, as shown by decreased cell percentage at S phase and G2/M phase, accompanied with elevated G0/G1 phase (Table 1, Figure 3A) . CFDASE staining results also showed weakened proliferation ability of HP75 cells ( Figure 3B ).
Inhibition of miR-106b suppressed malignant growth of cells
As shown by Table 2 , the transfection of anti-sense miR106b significantly depressed malignant proliferation potency of HP75 cells, as shown by decreased colony formation rate (p=0.005). These results suggested that the inhibition of miR106b expression in pituitary adenoma cells could inhibit anchorage-independent growth of cells, thus suppressing malignant phenotype. 
MiR-106b inhibition decreased cell migration and invasion potency
After transfecting with anti-sense miR-106b, the scratch healing of cells was significantly affected as compared to the NC group, suggesting that the inhibition of miR-106b could weaken cell migration potency ( Figure 4A ). Transwell assay results also revealed remarkable inhibition of cell invasion by miR106b silencing ( Figure 4B ).
Effect of miR-106b on PI3K/AKT signal pathway and MMP-9 expression via PTEN
The PI3K/AKT signal pathway plays a critical role in tumor migration, as it can facilitate expression of matrix mettlloproteinase-9 (MMP-9), thus enhancing tumor cell migration and invasion. As a novel tumor suppressor gene, PTEN can negatively regulate PI3K/AKT signal pathways, and decreased their regulatory roles in cell proliferation, cell cycle, migration, and invasion. Various studies have confirmed the negatively targeted regulation of PTEN expression and function by miR-106, which was a definitive target gene, and affected multiple biological functions of tumor cells. We observed significantly depressed invasion and migration anilities in those cells transfected with miR-106b inhibitor. We also investigated whether miR-106b could affect biological functions of HP75 cells via affecting PTEN-PI3K/AKT. As shown by Figure 5A , 5B, the inhibition of miR-106p increased endogenous PTEN gene expression by 265.5% and the expression of PTEN protein was also remarkably potentiated. The phosphorylation degree of PI3K and AKT proteins was, however, gradually suppressed by and accompanied with down-regulation of MMP-9 mRNA/protein. 
Discussion
Pituitary adenoma is a common intracranial tumor in clinics, and accounts for about 10% of total cases [20] . Pituitary adenoma can cause a series of endocrine symptoms, including acral growth and decreased sexual function. Although most pituitary adenoma is benign without metastasis, about 40% of total cases have focal invasion and worse clinical symptoms [24] . The invasion of pituitary adenoma can destroy the structure of vascular walls, cavernous sinus, or even brain tissues around the sellar region, and may also cause CSF leakage and injury to the internal carotid artery in the sinus cavernosus segment, worsening the prognosis [25] . The further development of invasive pituitary adenoma into pituitary gland cancer creates severe consequences [26] . Therefore, the understanding of pituitary adenoma occurrence/progression and the acquirement of invasiveness is of critical importance for both diagnosis and treatment. One study showed that the occurrence and progression of pituitary adenoma might be related with the absence of tumor suppressor gene or expression of oncogenes [27] . MicroRNA is a biological marker for human tumors, and has important roles in the biological process of tumors. Its abnormal expression has tumor suppression or facilitating roles. Another study showed abnormal expression of microR-NA in pituitary adenoma and pituitary gland cancer, and the correlation with tumor invasiveness and size [28] . Through literature review, some articles utilized high-throughput microarray to detect the differential expression of microRNA between invasive and non-invasive growth of pituitary adenoma [29] . In addition, a correlation was found between this differential expression and invasive growth of pituitary adenoma 24.
miR-106b is a member of the miR-106b~25 gene family (including miR-106b, miR-93, and miR-25), and is an oncogenic microRNA [8] . MiR-106b has roles in regulating tumor cell proliferation, migration, and invasion, as its abnormally high expression is correlated with the occurrence of multiple tumors [9] [10] [11] [12] . As an oncogenic microRNA molecule, the abnormally high expression of miR-106b has also been reported in pituitary adenoma tissues [20] . However, its detailed mechanism in participating in pituitary adenoma pathogenesis and its correlation with the invasiveness of tumors are clear.
This study showed abnormally elevated expression of miR-106b in pituitary adenoma tissues compared to that in normal pituitary tissues. MiR-106b expression was higher in invasive pituitary adenoma tissues compared to that in non-invasive tumors, suggesting the correlation between miR-106 high-expression and both occurrence and invasiveness of pituitary adenoma, similar to the results reported by Wei et al. [20] . Research results show that miR-106b can affect the biological function of tumor cells via affecting cell proliferation [30, 31] and cycle progression [32] . The present study showed that the inhibition of endogenous miR-106 expression significantly retards the proliferation of pituitary adenoma cells, along with significant cell cycle arrest, indicating that the elevation of miR106b expression can facilitate cell proliferation, thus playing a role in the occurrence of pituitary adenoma. Moreover, the down-regulation of miR-106b largely suppressed the anchorage-independent growth of tumor cells, suggesting that the role of miR-106b in malignant transformation of pituitary adenoma cells Ki-67 is a critical marker differentiating non-invasive and invasive pituitary adenoma mitosis, and is a critical index determining the invasiveness of pituitary adenoma [33] . [34] . Based on these findings, we speculate that high expression of miR-106b and proliferation of pituitary adenoma cells may also play certain roles in the invasiveness of pituitary adenoma, although the details of the mechanism require further study.
Some studies found that miR-106b could affect the invasion and metastasis of breast cancer [14] , endometrial carcinoma [15] , cervical cancer [16] , hepatocellular carcinoma [17] , renal carcinoma [18] , and pulmonary carcinoma [19] via various mechanisms. For example, miR-106b could enhance metastasis of breast cancer via inducing TGF-b signal pathway [14] . Therefore, this study investigated the role of miR-106b in the invasiveness of pituitary adenoma. Our results found that the inhibition of intracellular miR-106b could significantly inhibit the scratch healing and invasiveness of HP75 cells, supporting the oncogenic effect of miR-106b in pituitary adenoma invasion. Phosphatase and tensin homology deleted on chromosome 10 (PTEN) locates in 10q23.3 and is a member of the protein tyrosine phosphatase family [35] . As a novel tumor suppressor gene, PTEN has drawn increasing research interest in oncology study since its discovery in 1997 [36] . As a target gene for miR-106b, the expression and function of PTEN are negatively regulated by miR-106b, thus affecting multiple biological functions of tumor cells [21, 22] . This study showed significantly depressed PTEN mRNA and protein expressions in pituitary adenoma tissues compared to normal tissues, in contrast with the elevated expression of miR-106b. The most important substrate of PTEN is phosphatidylinositol-3,4,5-triphosphae (PIP3), whose contents can be decreased by dephosphorylation, and antagonizing the phosphorylation of PIP2 by phosphatidylinositol-3 kinase (PI3K), thus inhibiting the activation of AKT signal molecules and downstream pathways via inhibiting the activation by PI3K via PIP3 phosphorylation [37] . Tumor cell invasion requires 3 conditions: higher motility caused by alternation of cytoskeleton, decreased cellto-cell adhesion and cell activation, and abundant expression of matrix metalloproteinase (MMP) to degrade extracellular matrix (ECM), thus benefiting cell migration and invasion. MMPs play a crucial role in degrading ECM and inducing tumor cell migration. MMP-9 is one of the most important members, and is expressed in most tumor cells [38] . The PI3K/AKT signal pathway plays a critical role in tumor cell invasion and migration, as it can facilitate intracellular expression of MMP-9 via various mechanisms to facilitate cell migration and invasion [39] . This study found that the transfection of miR106b inhibitor on HP75 cells significantly enhanced the gene and protein expression of PTEN, supporting the targeted regulation between miR-106b and PTEN. Furthermore, we found that the inhibition of miR-106b significantly depressed phosphorylation of intracellular PI3K and AKT, accompanied with MMP-9 expression, suggesting that miR-106b can affect activity of the PI3K/AKT signal pathway and MMP-9 expression via targeted regulation of PTEN, thus affecting the migration and invasiveness of pituitary adenoma cells.
Conclusions
We believe that miR-106b plays a crucial role in the invasiveness of pituitary adenoma, probably via targeted regulation of PTEN to further affect the activity of the PI3K/AKT signal pathway and MMP-9 expression, thus mediating migration and invasiveness of pituitary adenoma cells. This study provides a novel strategy for explaining pathogenic mechanism of the invasiveness of pituitary adenoma, and also provides a potential strategy for the biological therapy of invasive pituitary adenoma, thus having clear value for further exploration.
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